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1
BIFURCATE ARBITER

CROSS-REFERENCE TO RELAT.
APPLICATIONS

T
.

A claim of priority 1s made to U.S. Provisional Application

Ser. No. 60/894,710, entitled Bifuracate Arbiter, filed Mar.
14, 2007.

FIELD OF THE INVENTION

The present invention relates to arbiters and 1s particularly
concerned with arbiters for bifurcate space switches.

BACKGROUND OF THE INVENTION

Peripheral Component Interconnect Express, PCle 2.0
specifies 5.0 Gigbit/s symbol rate per lane. Multiple lanes can
be used to fabricate larger port bandwidths. For example, x4
port would have an aggregate symbol rate of 20G, and a bit
rate ol 16G, 8b10b coding 1s used. A x8 port would have an
aggregate symbol rate of 40G, and a bit rate of 32G. There are
other serial interconnect protocols, for example serial rapid
10 and Ethernet that have similar properties.

Referring to FIGS. 1 and 2, there are illustrated scheduler
decision abstractions. The examples of FIGS. 1 and 2 are for
scheduling a crossbar switch. The crossbar switch 10 includes
input ports 12, output ports 14 and a switch fabric 16. Input
ports 12 can be configures as x8 ports 18 and x4 ports 19.
Output ports 14 can also be configured as x8 ports 20 and x4
ports 21. The spotted dots and checkered dots represent
request connections on the white and black clock phase
respectively. For crossbar scheduling only one dot per phase
(color), per row and column. With FIFO queuing, only one
request per row per phase (color). A logical port for a 1x8 port
consists of two internal switch fabric (ISF) connections. Then
dots 22 (spotted) represent requests for the white clock tick,
while dots 24 (checkered) represent requests for the black
clock tick. The dot 25 represents a request for both black and
white clock ticks. The ellipses 26, 28 and 30 in the figures
i1llustrate what a consistent decision would be. That 1s, 1n FIG.
1, ellipse 26 represents a x8 port to an x8 port connection,
which preservers order and bandwidth of data switched.
While ellipse 2 represents a x4 port to an X8 port connection,
which also preservers order and bandwidth of data switched.
Similarly, 1n FIG. 2, ellipse 30 represents a x8 portto a x4 port
connection, which once again preservers order and band-
width of data switched.

In order to simplify the ingress and egress queue manage-
ment, 1t 1s desirable to make the scheduling decision such that
the logical ports make consistent port selections.

SUMMARY OF THE INVENTION

An object of the present invention i1s to provide an
improved bifurcate arbiter.

In accordance with an aspect of the present invention there
1s provided an arbiter for a space switch comprising a two
buffers, a media access controller having data outputs
coupled to the two bulfers, and two control outputs coupled to
respective bullers for bulfering mput data at a clock rate
one-half that of the input data and a switch data through put,
the arbiter comprising first and second schedulers, each
scheduler includes a plurality of inputs for connection to the
two bullers for receiving requests, a plurality of outputs for
granting requests and a plurality of inter connections to each
of the plurality of schedulers for informing them of grants and
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2

logic for logically grouping input ports associated with a
biturcate 1nput port, logically grouping output ports associ-
ated with a bifurcate input port, logically grouping output
ports associated with a bifurcate output port, establishing
round robin pointers for each of two alternate clock ticks for
tracking next allowable requests and on one clock tick allow-
ing connection requests from 1nput ports to output ports and
accepting a connection request in dependence upon the
grouping of the mnput and output ports and the round robin
pointer.

In accordance with a further aspect of the present invention
there 1s provided a method of switching for a space switch
having bifurcate ports and ports, the method comprising the
steps of logically grouping input ports associated with a bifur-
cate mput port, logically grouping output ports associated
with a bifurcate output port, establishing round robin pointers
for each of two alternate clock ticks for tracking next allow-
able requests, on one clock tick allowing connection requests
from 1nput ports to output ports and accepting a connection
request 1n dependence upon the grouping of the mput and
output ports and the round robin pointer.

The arbiter can be generalized to a furcated switch having
2" ports where n 1s a positive integral power of 2.

By matching butifer throughput and switch fabric through-

put a more etlective use of buffers and fabric bandwidth 1s
made.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further understood from the
tollowing detailed description with reference to the drawings
in which:

FI1G. 1 illustrates a first scheduler decision abstraction;

FI1G. 2 illustrates a second scheduler decision abstraction;

FIG. 3 illustrates a bifurcate space switch 1n accordance
with a first configuration;

FIG. 4 illustrates a bifurcate space switch 1n accordance
with a second configuration;

FIG. 5 illustrates a bifurcate arbiter in accordance with an
embodiment of the present invention;

FIG. 6 illustrate switching for the bifurcate space switch of
FIG. 3; and

FIG. 7 illustrate switching for the bifurcate space switch of
FIG. 4.

L1
]

ERRED

DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

Referring to FIG. 3 there 1s illustrated a bifurcate space
switch 1n accordance with a first configuration. The bifurcate
space switch 32 includes a bifurcate butier 40 and an ISF 50.
The bifurcate bufier 40, shown configured as a 1x7 port,
includes a media access controller (MAC) 42 recerving input
from senalizer/de-serializer (SERDES) (not shown in FI1G. 3)
and outputting four 16-bit wide lanes to each ot x64 RAM 44
and 46, controlled by lines 48a and 485b, respectively. The
control line 485 1s coupled to the x64 RAM 46 viaa MUX 52,
which 1s used to change configuration of the bifurcate bufier
40.

In operation, the data 1s written 1nto two-x64 250 MHz dual
port RAM 44 and 46. The memory management of the MAC
42 generates different addresses for each bank. In the con-
figuration shown, the 1x8port 40 1s connected to the ISF 50 1n
such a way as to ensure that the external bandwidth and ISF
bandwidth are the same, and that both buffers 44 and 46 are
used.
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Referring to FIG. 4 there 1s illustrated a bifurcate space
switch 1n accordance with a second configuration. In the 2x4
confirmation, the bifurcate space switch 32 includes a 2x4
bifurcate buffer 40 having a first media access controller
(MAC) 42 recerving input from serializer/de-senalizer (SER-
DES) and outputting four 16-bit wide lanes to x64 RAM 44,
controlled by line 48a. The 2x4 bifurcate builer 40 also
includes a second media access controller (MAC) 54 receiv-
ing iput from the lower four serializer/de-serializer (SER-
DES) and outputting four 16-bit wide lanes to x64 RAM 46,
controlled by line 56. Hence, in this example the 1x8 port 40
biturcates to 2x4 ports.

In operation, the upper x8 MAC 42 1s configured to run in
x4 mode. Here each builer 44 and 46 1s managed by its
respective MAC 42 and 54. Again note that both buffers are
used and the ISF bandwidth equals the port bandwidth.

Referring to FIG. 5, a bifurcate arbiter in accordance with
an embodiment of the present invention. The bifurcate arbiter
includes two schedulers, a white scheduler 60 and a black
scheduler 62, where white and black represent alternate clock
ticks. Each scheduler includes a plurality of mputs 64 for
requests from the ports, an iput for port configuration 66 a
plurality of outputs 68 for grants to the ports and a status
output 70. A plurality of interconnects 72 between the two
schedulers ensures that the grants are coordinated.

In operation, the two schedulers 60 and 62 work 1n a time-
division multiplex (TDM) fashion. Each ingress port makes
one request, via inputs 64, by holding REQ) high for one tick.
During this tick the desired output port 1s encoded on the Port
bus. The busy[3:0] 70 indicates which egress ports are 1n use
so that ingress ports will not request those ports. When the last
tick of data occurs, the End Of Packet (EOP) 1s high, telling
the scheduler to drop the busy bit for that port, so the ingress
ports can request the egress port on the next clock tick.

Arbitration 1s accomplished on a per egress port basis. If
multiple ingress ports request the same egress port, the
ingress port 1s selected i a round robin fashion. In order to
keep the scheduling decisions consistent, any time an egress
port makes a port selection, grant high for one tick, this 1s
passed to the other scheduler along with the ingress port
selected via interconnects 72.

Referring to FIG. 6, there 1s 1llustrated a method of syn-
chronizing the bifurcate arbiter of FIG. 5 for x8 ports. The
method for keeping the schedulers 60 and 62 synchronized 1s
now described herein below. Consider the x8 port 80 (ports 1
and 2) in FIG. 6. On the white tick only the white connections
are active, the black are shown for reference only. The col-
umns ol numbers, [1,2,3,4,5,6], represent the round robin
pointer for each port, and black and white clock phases, 82
and 84. Note for simplicity, only output to ports (1 and 2) 86
and 88 constituting a x8 port 90, 1s shown as the port under
consideration.

Tick 0, White 92:

1. x8 port (1+2) 80 sending 2 bandwidth to x8 port (1+2) 90
2. x4 port (3) sending full bandwidth to x8 port (1+2) 90

3. the white port 2-port 2 connection indicates EOP

Tick 1, Black 94:

1. the black port 1-port 1 connection indicates EOP

2. the black port 3-port 2 connection indicates EOP

3. the white port 4-port 2 connection 1s requested and selected
(port 4 1s closest to pointer)

4. the white round robin pointer for port 2 advances to port 3
(because port 4 was selected)

5. the black round robin pointer for port 2 advances to port 4
(white port 4 was just selected)

6. the white port S-port 2 connection 1s requested and not
selected
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Tick 2, White 96:

1. the white 3-1 connection indicates EOP

2. the black 4-1 connection 1s requested and 1s selected (port
4 1s closest to pointer)

3. the black round robin pointer for port 1 advances to port 5
(port 4 was just selected)

4. the black 2-1 connection 1s requested and not selected

5. the black 5-2 connection 1s requested and 1s selected (port
4 15 closest to pointer)

6. the black round robin pointer for port 2 advances to port 5
(port 4 was just selected)

Tick 3, Black 98:

1. the white 6-1 connection 1s requested and 1s selected (only
request)

2. the white round robin pointer for port 1 advances to port 1
(port 6 was just selected)

Note that for x8 ports pointer advancement, the group 1s
treated as one location.

Referring to FIG. 7, there 1s 1llustrated a method of syn-
chronizing the bifurcate arbiter of FIG. 5 for x4 ports. Note
for simplicity, only output to port 3 constituting a x4 port 100,
1s shown as the port under consideration. As in FIG. 6, on the
white tick only the white connections are active, the black are
shown for reference only. The columns of numbers, [1,2,3.4,
3,6], represent the round robin pointer for each port, and black
and white clock phases, 110 and 112.

Packets switching to a x4 port 1s now described.

Tick 0, White 100:

1. x8 port (1+2) 80 sending 2 bandwidth to x4 port (3) 100
2. the white port 1-port 3 connection indicates EOP

Tick 1, Black 104:

1. the black port 2-port 3 connection indicates EOP

2. the black port 4-port 3 connection 1s requested and 1is
selected (port 4 1s closest to pointer)

3. the black round robin pointer for port 3 advances to port 5
(because port 4 was selected)

4. the white round robin pointer for port 3 advances to port 4
(because port 4 was just selected)

5. the white port 6-port 3 connection 1s requested and not
selected

Tick 2, White 106:

1. the white port 4-port 3 connection 1s requested and 1s
selected (port 4 1s closest to pointer)

2. the black round robin pointer for port 1 advances to port 5
(because port 4 was just selected)

3. the black port 2-port 3 connection 1s requested and not
selected the black port 5-port 3 connection 1s requested and
not selected

Tick 3, Black 108:

1. data tlows port 4-port 3

Numerous modifications, variations and adaptations may
be made to the particular embodiments described above with-
out departing from the scope patent disclosure, which 1s
defined 1n the claims.

What 1s claimed 1s:

1. An arbiter for a switch having a plurality of ingress ports
and a plurality of egress ports comprising;:

a first scheduler coupled to receive egress port requests
from each of the ingress ports, and 1n response, grant
connections that extend completely between the ingress
ports and the egress ports for a first set of clock ticks;

a second scheduler coupled to receive egress port requests
from each of the ingress ports, and 1n response, grant
connections that extend completely between the ingress
ports and the egress ports for a second set of clock ticks,
wherein the first set of clock ticks alternate with the
second set of clock ticks; and
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a first set of interconnects that transmit a first set of signals
identifying granted connections between the ingress
ports and the egress ports from the first scheduler to the
second scheduler; and

a second set of interconnects that transmit a second set of
signals 1dentifying granted connections between the
ingress ports and the egress ports from the second sched-
uler to the first scheduler.

2. The arbiter of claim 1, further comprising

a first status output bus that transmits signals identifying
which of the egress ports have been granted connections
by the first scheduler, wherein the first status output bus
1s coupled to first scheduler and the ingress ports; and

a second status output bus that transmits signals identifying,
which of the egress ports have been granted connections
by the second scheduler, wherein the second status out-
put bus 1s coupled to the second scheduler and the
ingress ports.

3. The arbiter of claim 1, wherein each of the egress port

requests provided by the ingress ports includes:

a port request signal from the associated ingress port; and

an egress port value that identifies which one of the egress
ports 1s requested for a connection by the associated
ingress port.

4. The arbiter of claim 1, wherein the first scheduler 1s
turther coupled to receive an end-of-packet signal from each
of the mgress ports, and in response, terminate connections
between the ingress ports and the egress ports for the first set
of clock ticks, and wherein the second scheduler 1s further
coupled to receive an end-of-packet signal from each of the
ingress ports, and inresponse, terminate connections between
the 1ngress ports and the egress ports for the second set of
clock ticks.

5. The arbiter of claim 1, wherein the first set of signals
comprise:

a grant signal associated with each egress port, wherein
cach grant signal 1s activated to indicate that the associ-
ated egress port has a granted connection to one of the
ingress ports for the first set of clock ticks; and

a source port value associated with each egress port,
wherein each source port value identifies which one of
the 1ingress ports has a granted connection to the associ-
ated egress port for the first set of clock ticks.

6. The arbiter of claim 5, wherein the second set of signals

comprise:

a second grant signal associated with each egress port,
wherein each second grant signal 1s activated to indicate
that the associated egress port has a granted connection
to one of the ingress ports for the second set of clock
ticks; and

a second source port value associated with each egress port,
wherein each second source port value 1dentifies which
one of the ingress ports has a granted connection to the
associated egress port for the second set of clock ticks.

7. The arbiter of claim 6, wherein the first scheduler com-
prises first means for arbitrating the received egress port
requests, wherein the first means for arbitrating operate in
response to each second grant signal and each second source
port value, and wherein the second scheduler comprises sec-
ond means for arbitrating the received egress port requests,
wherein the second means for arbitrating operate 1n response
to each grant signal and each source port value.

8. The arbiter of claim 1, further comprising means for
arbitrating multiple egress port requests that specily the same
egress port, wherein the means for arbitrating select an
ingress port to be granted connection to the egress port 1n a
round robin fashion.
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9. An method of scheduling connections for a switch hav-
ing a plurality of ingress ports and a plurality of egress ports,
the method comprising:

transmitting egress port requests from the ingress ports to a

first scheduler and a second scheduler, wherein each
egress port request requests a connection between the
ingress port transmitting the request and one of the
egress ports;

granting connections that extend completely between the

ingress ports and the egress ports 1n response to the
egress port requests within the first scheduler for a first
set of clock ticks;
granting connections that extend completely between the
ingress ports and the egress ports 1n response to the
egress port requests within the second scheduler for a
second set of clock ticks, wherein the first set of clock
ticks alternate with the second set of clock ticks;

transmitting a first set of signals identifying connections
granted between the ingress ports and the egress ports by
the first scheduler to the second scheduler; and

transmitting a second set of signals identifying connections
granted between the ingress ports and the egress ports by
the second scheduler to the first scheduler.

10. The method of claim 9, turther comprising:

transmitting a first set of status signals from the first sched-

uler to the 1ngress ports, wherein the first set of status
signals 1dentify which of the egress ports have been
granted connections by the first scheduler; and
transmitting a second set of status signals from the second
scheduler to the ingress ports, wherein the second set of
status signals identify which of the egress ports have
been granted connections by the second scheduler.

11. The method of claim 9, wherein an ingress port trans-
mits an egress port request by:

activating a port request signal that identifies the ingress

port; and

transmitting an egress port value that identifies which one

of the egress ports 1s requested for connection to the
ingress port.

12. The method of claim 9, further comprising:

transmitting end-of-packet signals from the ingress ports to

the first and second schedulers, wherein each of the
end-of-packet signals indicates a last tick of data for the
associated ingress port; and

terminating connections between the ingress ports and the

egress ports within the first and second schedulers 1n
response to the end-of-packet signals.

13. The method of claim 9, turther comprising:

transmitting end-of-packet signals from the ingress ports to

the first scheduler, wherein each of the end-of-packet
signals indicates a last tick of data for the associated
ingress port; and

terminating connections between the ingress ports and the

egress ports for the first set of clock ticks 1n response to
end-of-packet signals received by the first scheduler.

14. The method of claim 13, further comprising;:

transmitting end-of-packet signals from the ingress ports to

the second scheduler; and

terminating connections between the ingress ports and the

egress ports for the second set of clock ticks 1n response
to end-of-packet signals received by the second sched-
uler.

15. The method of claim 9, wherein the first set of signals
comprise:

a grant signal associated with each egress port, wherein

cach grant signal 1s activated to indicate that the associ-
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ated egress port has a granted connection to one of the one of the igress ports has a granted connection to the
ingress ports for the first set of clock ticks; and associated egress port for the second set of clock ticks.
a source port value associated with each egress port, 17. The method of claim 16, further comprising:
wherein each source port value identifies which one of arbitrating egress port requests received by the first sched-
the 1ngress ports has a granted connection to the associ- 5 uler in response to each second grant signal and each
ated egress port for the first set of clock ticks. second source port value; and
16. The method of claim 15, wherein the second set of arbitrating egress port requests received by the second
signals comprise: scheduler 1n response to each grant signal and each
a second grant signal associated with each egress port, source port value.
wherein each second grant signal 1s activated to indicate 10 18. The method of claim 9, further comprising arbitrating
that the associated egress port has a granted connection multiple egress port requests that specily the same egress
to one of the ingress ports for the second set of clock port, by selecting an ingress port to be granted connection to
ticks; and the egress port 1n a round robin fashion.

a second source port value associated with each egress port,
wherein each second source port value 1dentifies which k& & ok ok
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